Infusions of 2.5-7.8 ng. noradrenaline/Kg./min. over 30 min. and intruperitonenl injections of noradrenaline and adrenaline up to 2000 Mg/Kg. in the cat had no effect on the catechol amine content of the. heart, spleen, liver, kidney and skeletal muscle, except for a slight increase in the adrenaline content. It is concluded that these organs lack the ability to accumulate i-iirulating catechol amines administered in physiologic dosage.
S INCE it has been shown that the chief sympathomimetic substance present in the heart and other organs is noradrenaline, occurring together with small amounts of adrenaline (Euler; 1 Hokfelt; 5 Holtz, Kroneberg and Schumann;* Gcodall; 4 Raab and Gigee 6 ) and dopamine (Goodall 4 ), questions have repeatedly been raised as to which structures produce and store these compounds and whether or not they are taken up by the organs from the circulating blood (Raab and Gigee 8 ).
Cannon and Liss&k 7 showed that sympathetic denervation of the heart caused a large drop in its content of sympathomimetic substance. It was later shown by Goodall 4 that this was due to a loss of noradrenaline and, to a lesser degree, of adrenaline. It was also shown by Goodall that during regeneration of adrenergic nerves into the heart, the noradrenaline content rose again. His results were confirmed for other organs (Euler and Purkhold 8 ). These experiments gave strong additional evidence that the noradrenaline of the organs is bound to the adrenei'gic nerves. A passible occurrence of noradrenaline in other structures in the organs is dubious, since organs poor in adrenergic nerves (skeletal muscle, Euler, 9 Raab and Gigee 6 ) or lacking such nerves (placenta, Euler, 10 Schmiterlow") contain very small amounts or none at all.
In order to test if the heart and other organs are capable of taking up and storing sympathomimetic amines in such amounts as From are likely to affect the function of the organs following the injection into the circulation of amines in biologically conceivable doses, some experiments have been carried out with injections and infusions of such compounds into the circulatory system of the cat followed by analysis of the organs for adrenaline and noradrenaline. In some cases various organs were partially sympathectomized, which lowered their original content of catechol amines, thereby providing favorable conditions for the demonstration of even a small increase. According to Raab and Gigee 6 the heart takes up considerable quantities of adrenaline and noradrenaline following the injection of large amounts of these compounds in the dog; this is in contrast with skeletal muscle which shows no increase in its catechol amine content after intraperitoneal injections. The accumulation of catechol amines in the heart is considered of importance for some phenomena in cardiology.
METHODS AND MATERIAL
All experiments were made on cats weighing 2.3 to 4.8 Kg. In 5 cats, partial sympathectomy of certain oi'gtms (spleen, one kidney and liver) was performed under pentobarbital anaesthesia 2 to 3 weeks before the actual experiment. The periarterial nerves were isolated and cut. In the case of the spleen one or two arteries were exposed and the adjacent nerves divided.
In the 4 infusion experiments, a total amount of 500 ^g. nor.wlrenaline was infused intravenously during 2S-41 min. using a slow injection device. The infusion rote corresponded approximately to the maximal output from the cat's adrenals as observed by Euler and Folkow 11 and by Folkow and Euler." The animal was killed by bleeding or by injection of air 5-2S min. after the end of the infusion, and the organs removed. The blood was gently expivsscd and the organs carefully wiped 647 Circulation Research, Volume IV, November 1956 (>48 CATECHOL CONTENT OF ORGANS with filter paper, weighed and extracted in 5 per cent triehloracetic acid. After being cut into hazelnut-sized pieces each organ was minced in a Waring blender, immediately filtered on paper, and the residue washed once with 30 ml. 5 per cent trichlonicctic acid. The clear extracts were treated with aluminium oxide for adsorption of the catechol amines according to Euler and 0rw6n, 1 ' 1 and the eluates analyzed for adrenaline and noradrenaline \ising the cat's blood pressure and the chicken's rectal caecum (Euler" ). The total catechol figures were checked in some wises by fluorimetric estimation (Euler and Floding 16 ) and were found to lie, in good agreement with the figures obtained by biological assay.
In other experiments adrenaline and noradivna-Jine were injected intramuscularly or intraperitoneally in doses of 500 fig. or 5000 ng. After intraperitoneal injection of the large dose, the hcurt and skeletal muscle were the first organs to be removed in order to prevent their contamination with peritoneal fluid. The abdominal viscera to be extracted and analyzed were washed in Ringer's solution and wiped dry on blotting paper. The blood was gently expressed, but the vessels were not flushed with any fluid.
The adrenaline and noradrenalino amounts are expressed in terms of the hydroehloride, /xg/Gm. orgim and ^g/Kg. body weight. No correction is made for the loss of 20-25 per cent occurring during .adsorption and elution.
RESULTS
Heart. The results are tabulated in table 1. It can be seen that even the largest doses of noradrenaline, which caused a rise in blood pressure to 170-220 mm. during the 10 min. between the injection and the killing of the animal, did not cause any significant altera-tions in the catechol amine content of the cat's heart.
Only in the case of injections of the large amounts of adrenaline was it possible to observe a difference in the catechol amine figurse as compared to the controls. In 3 experiments the adrenaline figures were significantly increased (approximately 3 times) but were unchanged in 2 cases. The noradrenaline values on the other hand tended to be lower. In all cases the general blood pressure increased immediately following the injection and remained at a level of 160-180 mm. Hg.
It is noteworthy that the catechol amine content of the cat's heart is considerably higher than that of the dog's which contains only 0.20 g. noradrenaline/Gm. (Raab and Gigee 6 , a value that has been confirmed in the present study (0.23 Mg./Gm. mean of 4 hearts).
Spleen. Intravenous infusions of 500 Mg-noradrenaline were made in animals both with normally innervated and with partially denervated spleens. As in the series on the heart, noradrenaline, even in the highest doses, did not alter the catechol amine content of the spleen significantly and certainly did not raise the content (table 2) . The large amounts of adrenaline, on the other hand, caused a significant increase in the adrenaline content of the organ; thus, this result is analogous to that obtained with some hearts.
Infusions of adrenaline in the experiments with a partially denervated spleen caused no significant increase in the noradrenaline con- tent. Thus, after injection or infusion of 500 Mg., the noradrenaline content was still only about 10 per cent of that found in the innervated spleen.
Kidney. The results on kidneys are presented in table 3. No increase in the noradrenaline content was observed even after injection of the large amounts of this substance.
Only in the case of large injections of adrenaline was there a slight tendency towards an increase in the adrenaline content. Doses of 500 ng. of noradrenaline did not cause any appreciable change even in the low figures observed after partial denervation.
Liver. In the case of the liver doses higher that 500 ng. were not given (table 4) . These amounts did not cause any change in the caterhol amine content of the liver, not even in the partially denervated organ having very low values.
Skeletal muscle. The biological estimation of the catechol amine content of skeletal muscle sometimes presents difficulties due to the low figures. As seen from table 5, both adrenaline and noradrenaline in large doses increased the apparent adrenaline content while noradrenaline raised the noradrenaline content somewhat. Adrenaline in large doses seemed to lower the noradrenaline content as in the heart.
DISCUSSION
\ The present data show that infusion or injection of 500 Mg. adrenaline or noradrenaline in the cat did not alter the content of these amines in the normally innervated heart, •spleen, liver, kidney or skeletal muscle; nor any difference detected even after cate-chol amine administration in partially synipathectomized organs, in which the low original amine content should be favorable for the detection of such changes. Thus, even at infusion rates which correspond to the maximal release of noradrenaline from the adrenal gland in the cat, there is no accumulation of this amine in the organs studied. Only when large amounts of adrenaline were injected, liable to cause grave disturbances in the animal and certainly widely outside the limits of physiologic release from the adrenal medulla, was a slight rise in the adrenaline content of all organs noted. On the other hand, similarly large loses of noradrenaline did not cause an increase in the amount of this amine in the organs but instead caused a decrease in some cases. The reason for this effect is not clear. Raab and Gigee 6 found large increases in the catechol amine content of the heart of the dog after intraperitoneal injection of massive doses of adrenaline and noradrenaline (10,000 VON EULEK
G5I
Mg./Kg.). Hven though our doses were smaller (about 2000 /ig./Kg.) and were injected in another animal, the very moderate influence on the catechol amine content does not support the idea of a specific avidity of the heart muscle towards catechol amines. The increase in catechol amines observed by Raab and Gigee in the heart after the injection of massive doses may possibly be clue either to a toxic influence on the inactivation process or to some other disturbance in the elimination mechanisms. This phenomenon appears to be chiefly of toxicologic interest, but is hardly relevant in considering physiologic, pathophysiologic or therapeutic conditions.
The results also bear relationships to the problem of physiologic storage of the catechol amines in the organs. All evidence seems to speak in favor of the assumption that noradrenaline is specifically produced and stored in the adrenergic axones; and recent experiments (l']uler und Hillarp 17 ) have demonstrated its presence in submicroscopic structures in the axones. The adrenergic nerve stores seem to \ye rapidly replenished after release (cf. Euler and Hellner-Bjorkman' 8 ), and are apparently not able to store additional quantities of noradrenaline from the outside. The possibility that catecheol amines may be stored by the organs in structures outside the adrenergic nerves has not been supported by the present data. It is relevant in this connection that even 10 min. after the end of the infusion of 500 Mg. noradrcnaline in the cat, an increase in noradrenaline was observed in the arterial blood. SUMMARY Infusion of 2.5-7.8 ng. noradrenaline/Kg./ min. during 3^ hour, an amount approximately corresponding to the maximal output of the suprarenals, did not significantly alter the catechol amine content of the heart, spleen, liver, kidney or skeletal muscle of the cat, when prepared 5-28 min. after the end of the infusion. Moreover, no accumulation of catechol amines was observed in the partially sympathectomized spleen, liver and kidney, with low basic noradrenaline figures.
Large doses of noradrenaline, 1000-2000 -intraperitoneally, caused no change in the catechol amine content of the organs studied, while similar doses of adrenaline caused a small increase in the adrenaline content and a tendency toward a decrease in the noradrenaline content of the heart. It is concluded that even large doses of adrenaline and noradrenaline, well outside the physiological limits, do not appreciably alter the typical catechol amine pattern for visceral organs and skeletal muscle of the cat. ACKNOWLEDGMENT My thanks are due to Mrs. S. Hellner-Bjorkman for her skilful assistance.
SlJMMARIO IN L\ T TERLlN r GUA
Le infusion de noradrenalina in quantitates de 2,5 a 7,8 ^g/kg/min, continuate duraute 30 min, non alterava significativemente le contento de catecholamina in corde, splen, hepate, ren, o musculo skeletal de cattos a periodos de inter 5 e 28 min post le fin del infusion. (Le quantitate de 2,5 a 7,8 Mg-es approximativemente le maximal rendimento de noradrenalina del glandulas suprarenal.) In plus, nulle accumulation de catecholamina esseva observate in partialmente sympathectomisate splen, hepate, c ren con basse valores fundamental de noradrenalina.
Grande doses (1.000 a 2.000 /ig/kg) de noradrenalina intraperitoneal causava nulle alteration del contento de catecholamina in le organos studiate, durante que simile doses de adrenalina effectuava un leve augmento del contento de adrenalina e le tendentia de un reducite contento de noradrenalina in le corde.
Es concludite que mesmo grande doses de adrenalina e noradrenalina-doses ben in excesso del limites physiologic-non evoca un alteration appreciabile in le stato de catecholamina in le organos visceral e le musculo skeletal del catto.
